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SYSTEM :ACTUATION MECH-FBD FMEA No 03=-4B ~207 -2 REV:03/08/83
ASSEMBLY DOQORE DRIVE ROTARY ACTUATOR CRIT. FUAC: 1R
B/N RT IMC162-0002-0005, -00232 CRIT. HDOW: 2
P/N VENDCOR:1E2le04=-1 CORTISS~-WRIGHT VENICLE 102 133 104
QUANTITY :12 EFFECTIVITY: = .4 e
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ITEM:
TORQUE LIMITER

FUNCTICN:

- FROTECTS DOOR STRUCTURE, DRIVE TORGQUE SHAFTS AND DRIVE LINZARGSE BY
SLLPPIRG WEEN DOCR IS STALLED OR LINKAGE JAMMED. ROTARY GEAR ACTUATOR
OUTFUT IS5 LAMITED TO 3,300=10,000 INCH-LB (FOUR MIDDLE ACTUATCRS) AND
€,200-10,000 INCE=-LB (TWO END ACTUATORS). ONE TORQUE LIMITER IS
INSTALLED IN EACE ROTARY ACTUATOR. TORQUE LIMITER SLIPS WHEN DOCR SEALS
ARE COMPRESSED PRICR TO CLOESING BUTLEHEAD LATOHES,

MODE:
FAILS TC SLIP AT MAXIMUM ALIOWABLE TORQUE

CRUSE(S) :
ADVERSE TOLERANCES/WEAR, CHANGE IN MATERIAL FROPERTIES, CONTAMINATION/
FOREIGN OBJECT/DEBRIS, DEFECTIVE PART/MATERTAL OR MANUFACTURING DEFECT,
TEMFERATURE

EPFECTS N
(A)SUBSYSTEM (B) INTERFACES (C)MISSION (D)CREW/VERICLE

{A,B,C) PCSSIBLE INABILITY TO HRECYCLE DOOR DRIVE MECHANISM DUE TO
CAMAGE Ta EGQR DRIVE MECHANISM, FAILURE TO CLOSE DOOR.

(D) POSSIBLE L0og8 OF CREW/VEHICLE IF FAYLOAD BAY DOCRS CANNOT BE
CLOSED.

FAILS EEDEHDENET SCREEN "A" SINCE HO TURNARODUND TESTS ARE PERFORMED TO

VERTFY THIS FAILURE AND FAILS SCREEN "B" SINCE THERE ARE HO MEARNS OF
?IEUALLY DETECTING TORQUE SLIPPASGE IN FLIGHT.
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DISPOSITICN & RATIONALE:
(AJDESIGN (B)TEST (C)INSFECTION (D)FAILDORE HISTORY (E)}OCPERATIONHAL TUSE

f{A} DESIGH .
TORQUE LIMITER SPRING STRESSED T0O APPROXIMATELY 50 PERCENT GF YIELD.
SPEING HAS APPROXTMATELY 10.5 COILS WHICH ALLOW FOR WIDE VARIATICNS IN
COEFFICIENT OF FRICTION WITHOUT CHANGE IN CUTFUT. SPRING AND DRUM MADE
OF SAME MATERIAL TO ELIWINATE TEMPERATURE EFFECTS.

(B} TEST
QUALIFICATION TESTS: THE QUALIFICATION DRIVE SYSTEM S CERTIFIZD PER CR-
29=162~0008=0001E AND TEE QUALIFICATION ACTUATION MECHANISM THNSTALLATION
CERTIFIED PER CR-29-594125=001%. THE DRIVE SYSTEM QUALIFICATION TEST
INCLUDES: HUMIDITY TEST - PER MIL-5T0-B10B METHGD 507 PROCEDURE IV,
CYCLE PDU DURING SECOND AND FOURTH HUMIDITY CYCSLE: QUALTFICATION
VIERATION. TEST (QAVT)} - 20 TO 2,000 HZ RANGE WITH MAXIMUM OF 0.067 g2/HZ
FROM 80 T9O 350 HXZ FOR 2 1/2 MINUTES/AXIS IN ACCORDANCE WITE SDP-T-0023B,
MONITOR ELECTRTCAL CONTINUILTY DURING VIBHRATION; FLICHT VIBRATION - 20 TO
2,000 HZ RANGE WITH MAX OF 0.03 gp/HZ FROM 100 TO 250 HZ FOR 4.5 MINUTES/
AXIS LEVEL "A", AND 0.008 g</HZ FROM 100 TG 250 HZ FOR 94 WINUTES /AXTS
LEVEL "BW; SHOCK TEST - BASIC DESIGN SEOCK PER MIL-STD-810B5 METHOD 516.1,
PROCEDURE I AND TRANSIENT SHOCK AT 5 TO 3% EZ +/- 0.25 o PEAK.

' QUAL TESTS ALSCO INCLUDE: THERMAL VACUUM TEST - THERMALLY COYCLED 5 TIMES

BETWEEN —-100 DEG F AND +157 DEG F AT A VACUUM OF 1 X 10 -6 TORR FOR S5

. EQURS, DRIVE SY3STEM CYCLED AT EACH =65 DEG F AND +157 DEG F: THERMAL
CYCLING TEAT - CYCLED % TIMES BETWEEN =100 DEG F AND +340 DEG F WITH
DRIVE SYSTEM CYCLED AT EACH -100 DEG F AND +157 DEG F WITH 50 MINUTES
DWELL AT EACH TEMFERATURE EXTREME; OSERATING LIFE TEST - DRIVE SYSTEM
CYCLED 1,500 TYMES AT ROOM TEMPERATURE, INCLUDES MOTON 1 AND 2 CYOLED 150
TIMES EACH INDIVIDUALLY WITHIN 126 SECONDS/STROEE AND 1,500 TIMES WITH
BOTH MOTORS DRIVING TQGETHER WITHIN 63 SECONDS/STROKE; MECHANTYCAL STOFS
TEST - 100 TIMES WITH BOTH MOTORS INTQ HARD STCP IN EACH DIRECTION AT NO
LUADS! STIFFNESS TEST ~ MEASURED SPRING RATE OF ROTARY ACTUATOR, TORQUE
SHAFT, PDU AND SHAFT HRNGER = GREATER THAN 0.5 X 10 =& INCH-LB/RADTAN AT
ROTARY ACTUATCR ARM):; POWER CCNSUMPTION TEST, IRREVERSIBILITY TEST,
FREEPLAY TEST WAS CONDUTTED AS DEFINED IN THE ACCEPTANCE TESTS.

CERTIFICATION BY ANALVSIS/SIMILARTTY INCLULED: FONGUS, QZONE, PACKAGING,
LIMIT/ULTIMATE LOAD, ACCELERATION, LANDING SHOCK, SYSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, PRESSURE, SHOCK AND VIBRATION POR ITEM= QOF
DRIVE SYSTEM NOT TESTED. THE EBD ACTUATING MECHANTSM INSTALLATION WAS
BUBJECTED TO SYSTEM QUALIFICATION TE3TS ON THE 15 FCOT FBD TEST ARTICLES
(087) AND ON A &0 FOOT TEST RIG, TESTS INCLUDED: ACCEPTANCE - TC CONFIRM
ALL COMFONENTS HAVE HEFN ASSEMELED AND RIGGED PER MLO3IUE-0022 ON THREE
TEST SPECIMENS, -

_— A8 TAx



SHUTTLE CRITICAL ITEMS LIST - ORBITER . .
SUBSYSTEM :ACTUATION MECH-PBD FMEA NO 02~4B =207 =32  REV:03/08/88

TESTS QN FORWARD 15 FOOT PANEL INCTLUDED: GORBITAL FUNCTIONS - 31 THERMAL
CCHDITIONS WITH SIMULATED THERMAL DISTORIIOHS OF THE FORWARD BULKHEAD
AND THE L3 AND RE IONGERON SILLS, 2 MOTOR CPERATIONS 22 CYCLES AT LESS
THAN 43 SECONDS PER STROEKE, EACH MOTOR QPFERATION 3 CYCLES AT LE3S THAW
l12& SECONDS/STROERE FOR EACE OF THE 3 JRBITAT, FUNCTIONS: QPERATING LIFE
TESTS - PED MECHANISM CYCLED 53 TIMES, 55 TIMES WITH TWC MOTOR CFERATION
AND 19 TIMES WITH SINGLE MOTOR OFERATIONS ! ACCUSTIC TE3T = 25 HZ TO 5,000
HZ FOR 5 MINUTES.

TEST2 QN APT 1S TOOT PANEL INCLUDED: ORBITAL FUNCTIONS ~ 3 THEERMAL
COMDITIONS WITH SIMULATED THERMAL DISTORTIONS QF TEHE APFT BULEHEAD AND THE
LE AND BEH LONGEROM SILL, 2 MOTCR OPERATIONS 27 CYCLES AT LESS THAN 63
SECONDS/STRORE, EACH MOQTOR OFERATION 1 CYTLES AT LESS THAN 126
SECONDS/STRORE FOR EACH OF THE 3 ORBITAL FUHCTIONS; OFERATING LIFE TESTS
= MECHANISM CYCLED 243 TIMES 205 TIMES WITH TWO MOTOR CPERATICH AND 13
TIMES WITH SINGLE MOTOR OFERATICHS; ACQUSTIC TEST - 25 H2 To 6,000 HZ
FOR 5 MINUTES.

TESTS QN &0 FOOT TEST RIG INCLUDED: AMEBIENT CYCLING - 3 THEFEMATL
CONDITIONS WITH THEERMAL DISTORTIONS OF THE SILL LONGERCH, 2 MOTOR
OFPERATIONS 22 CYCLES AT LE3S THAN 63 SECONDS/STROKE; 10 WITHOQUT
DISTCORTION SIMULATION; EACH SINGLE MOTCR QPERATION 3 WITHCUT DISTORTICON
AND & WITH DISTORTION AT LESS THAN 116 SEECONDS/STROKE: TEMFERATURE.
CYCLING -~ 3 THERMAL COMDITIONS WITH THERMAL DISTORTIONE OF THE SILL
LCNGERON, 2 MOTOR QPERATIONS 22 CYCLES AT =42 DEG F AT LESS THAN o3
SECONDS/S5TROEE; 10 WITHQUT DISTORTION SIMULATION, EACH SINGLE MOTOR
QFERATION 3 WITHQUT OISTURTION SIMULATION AND WITH DISTORTION AT LISS
THAW 126 SECONDS/STRORE AT —-42 DEG F; CRBITAL FUNCTIONAL TEST - REFEAT
THE ABGVE AMBIENT AND =42 DEC T TESTS FOR A TOTAL OF 84 MECHANISM
CYCLES. CERTIFICATTION BY AMATLYSIS/SIMITARITY INCLUDES FUNGUS, OQZI0NE,
PACKAGING, THERMAT,/VACUUM, SALT SERAY, ACOUSTIC, SHOCK, LIMIT/ULTIMATHE
IOADS, ACCELERATION, SAND/DUST AND MARGIN OF SAFETY.

ACCEPTANCE TEST: TESTS oN THE MC142~0003 COMDANENTS INCLUDES: ©
EXAMTNATION OF PRODUCT = WEIGHT, WOREMANSHIP, DIMEMSICNS, CONSTROCTION,
CILEANTINESS, FINISH, IDENTIFICATION, MARKINGS, TRACEABRILITY AND USE OF
CERTIFIED MATERIALS AND FROGCESSES: AEEEPTAHCE vIBRAIIOH {AV™Y = 20 TO
2,000 EZ RANGE WITE MAXIMUM CF 0.04 g2/HZ FROM 30 T¢ 350 HZ FCOR 30 .
szcnnns;nx:s MINTMUM, ELECTRICAL CONTINUITY MONITORED DURING TESTS AND
FDU CYCLED BEFORE AND AFTER VIERATION; ACCEDTANCE THERMAL TEST (ATT) -
THEERMALLY CYCLED FROM +70 DEG F TO 43220 DEG P, T +157 DEG F, 'O —80 DEC
F, TO +320 DEG F, TO 4157 DEG F, TO 70 DEG F WITH CONTINUITY MONITORED
THROUGHOOT, BOU WAS CYCLED & TIME3Z AT BEACH +157 DEG F AND 6 TIMEZ AT -8q
DES F AT LE3S THAN &3 SECOMDS/STROKE THQ MOTOR QPERATIONS AMD 128
SECONDS/STRORKE SINGLE MOTOR CPERATICNS; POWER CONSUMPTION TESTS =INPUT
POWER MAX OF 450 WATTS,/MOTCR AT RATED LOAD AND STNGLE MOTOR TIME OF 126
SECONDS/STROKE AND 63 SECONDS/STROKE DUAL MOTOR OPERATION] INSULATION
RESISTANCE, DIBRLFCTRIC STRENGTH - PER MFOO04=-002 EXCEPT TEST VOLTAGE WS
750 VEMS, OQYCLING TEST = ZINGLE MOTOR DRIVE 24 CYCLES EACH aAMD DUAL
MOTORS 40 CYCLES. FREEPLAY TEST - MAYWIMUM ©F 1.0 DEGREES WITH 10 IN LBES
REVERSTMNG TORQUE ON EACH ACTUATOR: ACTUATOR STALL -~ CONTINUOUS STALL FOR
126 SECONDS AT FULL INVERTCR POWER 120 VOLTS AC.
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ACCEPTANCE TESTS ALSO INCIDDE: IRREVERSIBILITY TEST - &80 INCH-LE AT PDU
QUITFUT SHAFT; TRAVEL LIMIT TEST - ACTUATOR STOFPED BY LIMIT SWITCHES AND
BY HARD STOPS WITH SWITCHES DEENERGIZED; MANUAL OPERATIONS = LESS THAN
100 INCH-LBE TORQUE TGO ENGAGE AND DISENGAGE THE FPOU; BACEDRIVE = FORCE AT
ACTUATOR OUTFUT ARM ROD ATTACH RPAINT LESS THAN 150 POUNDS; TORCUE LIMITS
= RQTARY ACTUATCOR QUTFUT LIMITS AT ROUM AMBIENT ARE €,200 TO 8,350 INCH-
LB, OQUTPUT LIMITS AT +157 DEG F AND =5% DEG F ARFE 6,200 TQ 10,040 INCH=
LB; PROOF LOAD TESBTZ - 3/4 0.D. DRIVE BEAFTS TESTED TO 31258 INCH=-LO AND
1.0 &.D. DRIVE SHAPTS TESTED TG €50 INCE-LE: FRICTION TORJQUE TEST =
TORQUE ON SHAFT SUPPORT IS LESS THAN 1.0 INCH-LE. EACH TOFRQUE SHAFT IS
PROQF LOADED DURING ACCEPTANCE.

OMRSD: NONME. ACTUATOR CANWOT BE CHECKED FOR THIS FAILURE MODE DURING
SYSTEM FUNCTIONAL CHECK. MAINTENANCE SAMPLING PERIODICALLY VERIFIES
TORQUE LIMITER FERFORMANCE.

(C) INSFECTION

RECZIVING INSPECTION
MATERIAL CERTIFICATION VERIFIED BY RECEIVING INSPECTION. ALL PURCHASED
PARTS DATR PACFAGES INSPECTED BY RECEIVING INSPECTION. )

COUNTAMINATION CONTROL
' DETAIL PARTS ARE CLEANED TO A 300 LEVEL. SUFPLIER CONTAMTINATION CONTROL
. MI'E CORROSICN FROTECTION VERIFIED BY INSPECTION.

ASSEMBLY/TNSTALIATION

BEARING LUBRICATION AND SEAL INSTALLATION VERIFTED. ALL MACHTINED PARTS

ARE DEBURRED AND VERIFIED PER DRAWING. INSTALLATION FROCEDURE VERIFIED

BY INSFPECTION. - DCAS MANDATORY INSPECTION POINTS (MIPS) IMPOSED ON

?ﬁHUPLCTUEIHG, INSTALLATION, AND ASSEMBLY. DIMENSIONS ARE VERIFIED BY
SPECTION.

RONDESTRUCTIVE EVALUATTOM
MAGNETIC FARTICLE INSPECTION VERIFIED B3Y IMSPECTION,

CRITICAL PROCESSES

GEARS ARE SHOT PEENED TO FPRECLUDE FATIGUE. HEAT TREATING VERIFIED BY
INEFECTION. : .

- TESTING .
ROCEWELL HARDNESS VERIFIED ON GEARS. ATP OF ROTARY ACTUATOR VERIFIED BY
INSPESTION.

HANDLING,/PACKAGING .
HANDLING AND PACKAGING REQUIREMENTS VERIFIED BY INSDPECTTON

(D) FATIURE HISTORY

THERE HAVE BEEN NO ACCEDPTANCE TEST, QUALIFIZATION TEST, FIELD OR FLIGHT
FAILURES ASSOCIATED WITH THIS FAILURE MODE.
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(E} OPERATIONAL USE
EVA WORKAROUND IS POSSIBLE TO CLOSE DGOR IF PAYLOAD DOES NOT LIMIT

ACCESS.




